Best practices promulgated by the Eastern Association for the Surgery of Trauma suggest that delay in surgery for adhesive small bowel obstruction (ASBO) should not exceed 5 days. This study aimed to probe the relationship between operative delay and adverse outcomes, defined as occurrence of a complication, requirement for bowel resection, prolonged postoperative stay, or death in ASBO using the Nationwide Inpatient Sample.
''Never before in the history of medicine has the subject of intestinal obstruction attracted more widespread attention than at present. '' VCharles Scudder, 1908 1 S mall bowel obstruction caused by abdominal adhesions (ASBO) is a vexing consequence of abdominal surgery, known to every surgeon who works within the peritoneal cavity. ASBO emerged as an important clinical syndrome in the last quarter of the 19th century, hand in hand with the enabling technological developments of anesthesia and antisepsis. 2, 3 ASBO remains a significant clinical problem for general and gynecologic surgeons today, occurring at a rate of 20 per 100,000 in the US population. 4 Despite the contributions by many of the leaders of general surgery during the last century, there remains considerable debate over the indications for surgery in patients who present with obstruction but without overt evidence of strangulation or peritonitis. Much of the original surgical thinking on management of ASBO was the product of an era when patients presented with more advanced disease and surgeons worked with considerably less information than is true today. 1,5Y8 It was this early experience with ASBO, which led to the dictum that surgeons should never let the sun rise and set on a small bowel obstruction. Experience during the past 30 years however has resulted in an increasing use of nonoperative management of ASBO. 9Y12 Yet, there remain proponents of early surgery. 13, 14 Two recent comprehensive evidence-based best practice guidelines have proposed that nonoperative therapy is appropriate in many cases of ASBO but should be limited to periods between 3 and 5 days. 15, 16 We wanted to look at current practices in the management of ASBO in the United States and how these practices compare with the proposed best practice guidelines. We wanted to look at timing of surgery and for relationships between the time from hospital admission to surgery and patient outcomes, specifically the requirement for bowel resection, occurrence of complications, prolonged postoperative length of stay (LOS), and death. We hypothesize that preoperative delay exceeding that recommended by existing best practice guidelines, 4 or 5 days, would increase the incidence of complication, death, need for small bowel resection, or prolonged postoperative hospital stay. We used the Nationwide Inpatient Sample (NIS), a database of inpatient hospitalizations created as part of the Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality an agency of the US Department of Health and Human Services. 17 The 2009 edition of the NIS is widely used in clinical research and contains demographic, diagnosis, complication and procedure data on more than 8 million patients admitted to hospitals in 44 states. 18 
PATIENTS AND METHODS
We used the NIS for 2009 as provided by Healthcare Cost and Utilization Project. Data were managed and analyzed using SAS statistical software (SAS Institute, Cary, NC). We included for analysis any records with a primary diagnosis DRG International Classification of DiseasesV9th Rev. (ICD-9) code value of 560.81; intestinal or peritoneal adhesions with obstruction or 560.9; and unspecified intestinal obstruction. Patients were considered to have had surgery if any of the ICD-9 procedure codes for enterolysis 54.11, 54.21, 54.50, 54.51, 54.59, 45.61, or 45.62 were present in any of the primary operative procedure fields. We identified patients as having had a bowel resection if ICD-9 codes 54.61, multiple segmental resection of small intestine, or 54.62, partial resection of small intestine, were present in any of the procedure code fields. We excluded records with ICD-9 codes for causes of obstruction other than adhesions in any of the NIS 14 secondary diagnosis fields (Appendix 1 Supplemental Digital Content 1, http://links.lww.com/TA/A223). We sought to exclude diagnoses other than postoperative adhesion that cause bowel obstruction to focus the analysis on ASBO. We excluded patients who died from the analyses of LOS in both the nonoperative management and the operative management group.
The difference between the recorded date of admission and the recorded date of first operative procedure defined preoperative hospital days. These data were not normally distributed (Fig. 1) ; therefore, dummy variables were created to categorize patients into groups who had surgery on or after the fourth and the fifth hospital day. We excluded records where the calculated delay in surgery was less than 0 or greater than 10 days. In the first case, we considered records with an admission to surgery days less than 0 to be erroneous records.
There were very few of these. Moreover, more than 95% of patients were operated on by the 10-day point; we defined those exceeding this period as outliers. We defined postoperative hospital days as the difference between the recorded date of surgery and the recorded discharge date. We defined prolonged postoperative LOS as that exceeding 7 days. We chose this value because it represents the number of days of inanition at which our hospital requires surgeons to consider providing total parenteral nutrition. We excluded records with postoperative hospital days of 0 or greater than 20 because these likely represented erroneously coded or outlying cases. We modified the complications indicator provided with the NIS to better reflect postoperative complications. The diagnoses included in the definition of postoperative complication for this study are listed in Appendix 2, (see Supplemental Digital Content 1, http://links.lww.com/TA/A224) available on line. The demographic and comorbid disease data provided in the NIS defined potential confounders for use in multivariate analyses; we converted these data to categorical elements for this purpose. We excluded patients younger than 18 years.
For patients undergoing surgery, we used death, requirement for bowel resection, occurrence of complications, and postoperative hospital stay greater than 7 days as outcome variables. Relationships between these outcomes and other factors were investigated using t test for continuous variables such as age and W 2 with Fisher's exact test for categorical variables. Factors with univariate statistical significance of less than 0.10 were included in logistic regression analyses to assess the relationships between the outcome variables, preoperative days, and other potential confounding variables. We created a number of models to look for the most parsimonious logistic constructs with the greatest explanatory power. The final models for each outcome, therefore, contained unique covariates.
RESULTS
A total of 27,046 patients were identified with ASBO, meeting our inclusion criteria. Only 4,826 patients (18%) required surgery (Table 1) . Patients managed nonoperatively were hospitalized an average of 4 days (median, 3 days) (Fig. 2) . Eighty-one percent of patients avoiding surgery were discharged within 5 days; 90% were discharged within 7. LOS for patients having surgery averaged 8.5 days. Women represented 60% of the overall group but required surgery in 19% of cases (p G 0.001). The mean age of all patients was 63.4 years; the mean age of patients when operation was performed was 62 years (p G 0.001). White and African-American patients were more often operated on (18% and 21%, respectively; both p G 0.001). Native Americans (8%) all had lower rates of operative management (p = 0.004). Of other demographic factors reported in the NIS, Medicare patients were operated on less frequently, having a 16% rate of operation (p G 0.001). Privately insured patients had a higher rate of operation of 19% ( p G 0.001). Patients treated at hospitals in smaller metropolitan areas of population 50,000 to 250,000 had a significantly higher rate of operation (20%, p G 0.001). Nonmetropolitan or rural counties had a lower percentage of patients managed operatively (15%, p G 0.001). Of the 4,826 who required surgical intervention, 922 patients (19%) had a complication, 1,208 (25.0%) required bowel resection, 138 (3%) died, 1,527 (32%) remained hospitalized for more than 7 postoperative days. The average preoperative days was 1.94 days overall. Patients older than 60 years and those for whom surgery occurred on the fourth postadmission day or later were more likely to have all of the adverse outcomes, such as, complication, requirement for bowel resection, death, and greater than 7 postoperative days. Complication was more frequent in patients with Medicare and less frequent in those with private insurance (both p G 0.001). Complication was less likely in private investorYowned hospitals (15%, p = 0.03).
The need for bowel resection was more common in Black patients (19% p = 0.05), patients with Medicare and private health insurance (28% and 22%, respectively; both p e 0.001) and less frequent in patients on Medicaid (16%, p G 0.001). Small hospitals had a lower rate of bowel resection (21%, p = 0.01) as did urban nonteaching facilities (24%, p = 0.04).
Women had a lower rate of death during the admission (2%, p = 0.03), as did patients with private insurance (1%, p G 0.001) and self-pay status (G1%, p = 0.02). Patients admitted over a weekend had a higher mortality rate (4%, p = 0.003). Patients in medium-sized hospitals had a higher death rate (4%, p = 0.02), so too did those in rural hospitals (5%, p = 0.02).
Postoperative LOS of greater than 7 days was more frequent in black patients (36%), those admitted over a weekend (33%, p = 0.01), and those classified as emergency admissions (33%, p = 0.004). Income less than $38,000 per year was associated with higher percentage of patient's having a postoperative LOS exceeding 7 days (37%, p G 0.001). Conversely, income greater than $68,000 was associated with a lower rate of long postoperative stay of 27% ( p G 0.001). Medicare insured patients had a higher rate of long stays (42%, p G 0.001), while privately insured patients had a lower rate of long stays (19%, p G 0.001) as did patients whose payment source was listed as ''other'' (22%, p = 0.02). Small hospitals had fewer patients who had long stays (26%, p G 0.001), and large hospitals had more patients who had long stays (33%, p = 0.05).
A number of comorbid conditions were associated with the adverse outcomes. These are listed in Table 2 .
We constructed a number of multivariate models using a categorical variable (dummy variable) to identify patients having preoperative days of 4 or more to evaluate the effect of delay in surgery, if any, on the four adverse outcomes once potentially confounding variables had been accounted for. When account was taken of all available potentially confounding variables, the relationship between preoperative days and complication and resection disappeared. The models for excessive postoperative LOS, presented in Table 3 , and that for death, presented in Table 4 , suggested a more robust relationship between preoperative delay and these outcomes. These models had reasonable calibration and goodness of fit 
DISCUSSION
In the absence of Class 1 prospective data, the timing of surgery for ASBO remains a subject of some debate, despite recent publication of two comprehensive best practice guidelines. 15, 16 Bizer et al. 19 reported in 1981 that 46% of patients admitted with ASBO for whom surgery was delayed more than 24 hours were able to avoid surgery, beginning an era of more conservative management of this syndrome. Since then varying periods of observation of stable patients with ASBO have been proposed, varying from as short as 2 days 13 to as long as 10. 20 Nauta, 21 in a retrospective analysis of more than 400 admissions found that 86% of patients admitted with ASBO resolve without surgery. A study of population-based administrative data from California found 76% of more than 32,000 patients admitted with ASBO resolve without surgery. 9 The time to resolution in nonoperative cases is less well reported but ranges from an average of 22 hours 22 to 6 days. 23 In more than 27,000 ASBO patients recorded in the 2009 NIS, we found that 82% recovered without surgical intervention. However, while the majority of patients destined to have theirs resolve, did so within 5 days of admission, the distribution of LOS for these patients has a clinically significant right-sided tail. While the LOS for patients who are discharged nonoperated upon averaged 4 days (median 3 days), there remain a number of patients for whom longer stays ended in successful nonoperative management nonetheless. Unfortunately the NIS data set does not contain clinical information such as white blood cell counts, imaging results, or physical examination findings. This makes parsing findings which were associated with successful nonoperative management and those that predicted surgery impossible. With the data available, we are limited to determining the impact of delay on outcome of patients having surgery, regardless of indication. In univariate analyses, our study shows that all four adverse outcomes, namely, complication, resection, prolonged postoperative LOS, and death, were more likely in patients for whom surgery was delayed by 4 days or more. When potential confounding factors are taken into account, our analysis shows that there is no increase in the rate of complication owing to delay of 4 days or more. Bickell et al., 13 in a study of 141 patients found an increasing risk of small bowel resection in ASBO patients who had delays in surgery of more than 96 hours. Our univariate analysis supports this notion although the difference was slight (28% vs. 25%, p = 0.001). This finding did not withstand multivariate analysis, however. When operation occurred five or more days after admission, our model suggested a 22% higher likelihood of resection in the NIS patient groups ( p = 0.04); however, the best model we could create had at best mediocre calibration.
The present analysis does present substantial support for the notion that delay in operation of four or more days leads to longer postoperative LOS. Patients operated on the fourth day or later had a 26% greater risk of staying more than 7 days postoperatively ( p = 0.005). Those for whom surgery occurred on the fifth day or later had a 36% greater chance of remaining hospitalized more than 7 days postoperatively ( p = 0.002). The data available in the NIS do not permit any greater precision on the question as to why these patients stay longer. We surmise that in many case, this outcome is caused by a delay in return of bowel function in these patients whose small intestine have been distended for a longer period, although other, unmeasured factors could also be at work.
Finally, our analysis also supports the notion that delay in surgery may increase the odds of in-hospital mortality. Delay of four or more days increased the chance of death by 64% ( p = 0.01), although the model with a longer delay of five or more days failed to meet statistical significance. Death was a relatively uncommon outcome, with only 138 (3%) of 4,826 patients in this sample dying during admission. It may be that potentially confounding clinical factors, not captured in our multivariate model, led to delay in patients who may have been more ill than our models accounted for.
Several other findings in this analysis deserve mention. The significantly higher operative rate for women in the sample Patients identified as black had higher rates of surgery (22% vs. 17% for non-black patients, p G 0.001) and higher rates of small bowel resection (29% vs. 24% for non-black patients, p = 0.05). In our multivariate model for resection (data not shown), this disparity persisted, black patients having an odds ratio of 1.27 for resection versus all other racial categories ( p = 0.02). Black patients also had a greater risk of prolonged postoperative LOS (OR, 1.32; 95% CI, 1.06Y1.63, p = 0.01). This finding deserves further inquiry.
Patients in the lowest income group, those making less than $38,000 per year, also had significantly longer postoperative stay. One might speculate that these patients have access to fewer resources to permit earlier hospital discharge. It might be that with increasing access to home services resulting from the Affordable Care Act, this disparity may resolve. If so, this would represent a potentially testable hypothesis for future researchers.
The NIS is a large administrative database, and as such, several limitation attach to its use and to the interpretation of the findings of this study. We limited our analysis to two principle diagnosis ICD-9 codes to limit our analysis to patients likely to have been experiencing from ASBO. There may be other patients in the data set with ASBO in the setting of other processes that were chosen as principle diagnoses by hospital coders for nonclinical reasons. We believe the effect of this sort of classification bias is minimal.
Our choice of diagnoses to define our aggregate complication variable may have neglected relevant diagnoses in ASBO, confounding our conclusion that delay does not increase risk of complication. Our exclusion of patients who had procedures other than entrolysis or small bowel resection may also have introduced a bias in the analysis. These patients were excluded to eliminate patients not experiencing ASBO from the analysis; however, doing so may introduce a bias of retrospective insight into a study of prospective surgical decision making. However, the concordance of our surgical rate with other large studies 9, 21, 25 suggests that our inclusion/exclusion criteria are valid.
Most patients with ASBO resolve without surgery. Most who do so, resolve within 96 hours of admission. This study supports the recommendations made by two independent best practice guidelines, that surgery in ASBO should not be delayed by more than 3 days to 5 days. 15, 16 This is the first study to suggest that delay in surgery is an important factor in postoperative LOS, an observation that may inform the care of ASBO patients by surgeons wishing to develop more efficient practice guidelines in ASBO. However, that a substantial minority of patients, for whom surgery is delayed more than 5 days, are discharged home without surgery after much longer hospital stays should provoke future research into better predictive models for the need for surgery. There are no physical examination, laboratory, or radiologic findings for ASBO patients listed in the NIS. Given its ubiquity, a prospective, multicenter study of ASBO examining both indications and timing of surgery should be considered. Nonetheless, it is clear that the sun may rise and set on bowel obstruction without harm coming to patients. It seems, from this and other work, however, that to reduce risk of mortality or prolonged postoperative stay, 4 to 5 sunsets may be the most patients with persistent ASBO should see before seeing the lights of the operating room. However, because of the limitations imposed by the absence of clinical data from this analysis, surgeons caring for any individual patient should be informed by these findings to make a bedside judgment on the decision to operate on a patient who remains obstructed but not clinically toxic on Day 4 or 5. More certain recommendations await a prospective, multicenter, trial including clinical data. We hope this work will stimulate such a trial. 
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Dr. Rao R. Ivatury (Richmond, Virginia): Adhesive small bowel obstruction continues to be a common clinical problem in acute care surgery. One of the frequent adages we are constantly reminded of is that ''never let the sun set or rise on small bowel obstruction.'' Now, recent comprehensive, evidence-based practice guidelines have suggested that nonoperative therapy is appropriate in many cases but should be limited to periods between 3 days and 5 days. The authors propose to probe this relationship between operative delay and adverse outcomes in acute small bowel obstruction using the Nationwide Inpatient Sample (NIS).
The NIS is a unique and power database of hospital inpatient stays. It contains data from approximately 8 million people and the hospital stays each year. So many researchers and policy makers have asked clinical questions about this database. The authors, as we heard, have defined adverse outcomes as complications, requirement for bowel resection, prolonged postoperative stays, or death.
They looked at more than 27,000 patients staying with nonoperative management for approximately 4 days. Of the surgical group, 25% of the patients had resection, 32% of patients had postoperative days more than 7, and 3% died, and interestingly, a most patients were female.
When a count was taken of all the available potentially confounding variables, the relationship between preoperative days and complications of resection disappeared, and the models for postoperative length of stay suggested a more robust relationship between preoperative delays and death and longer postoperative stays. So these data lend support to your policy encouraging observation for not more than 3 days to 5 days. Now, the authors do caution about the administrative nature of the database. I will respectfully submit that the last slide they showed on the limitations of the study is probably the most important slide. I congratulate the authors on the labor of love, poring over this large database, but I must regretfully conclude that I am not convinced about its validity. So my questions for you are as follows.
Since you stated that the NIS database is missing in many important elements of physical examination and laboratory findings, how valuable is this 4-day to 5-day cutoff? What do you suggest we should do when a patient has not improved after 4 days to 5 days? See the light of the operating room, as you suggest? Or should we proceed with more investigations?
Finally, since the increased mortality was one of the poor outcomes you noted in the study but your group did not have increased rate of small bowel resection, strangulation was not the cause of this increased mortality, so what was the cause of the mortality? Were there comorbid conditions that the database never accounted for?
I agree with you that these answers cannot come from a large database, but I think you just laid the foundation for a very good American Association for the Surgery of Trauma multicenter prospective study.
I would like to congratulate the authors and thank the American Association for the Surgery of Trauma for the privilege of the podium.
Dr. Demetrios Demetriades (Richmond, Virginia): This is an excellent and practical study. The message is that we need to identify those patients who do not respond to nonoperative management and operate on them early. We have Class 1 evidence, excellent evidence, that oral Gastrografin can reliably identify these patients. Would you consider including in your management protocol oral Gastrografin within 48 hours of admission? Thank you.
Dr. Ajai Malhotra (Richmond, Virginia): I enjoyed the presentation. One question, everything has a price to pay, as Dr. Maier pointed out yesterday, so if we have followed your protocol or your suggestion of everybody gets operated, how many more would have been operated on that otherwise did successful nonoperative management?
Dr. Samir M. Fakhry (Charleston, South Carolina): Fred, that was a very nice presentation. I had a question and a comment.
My question is: I can t remember if you can tell from the NIS how many previous surgeries these people have had or what kind of surgeries these were.
My comment is I want to agree with Dr. Ivatury. In your conclusion in the abstract, you say that there is an association between delay in management and death and postoperative days greater than 7, but then then you say optimal timing for operation and nonresolving seems to be less than 5 days. I have to agree that your study is excellent for hypothesis development, but it is not appropriate for hypothesis testing.
I think we have gone to a trend where we are using administrative data sets to make conclusions about causation that are not warranted. Being guilty of the same thing myself on a couple of occasions, I would love to see what you think of that. Thank you.
Dr. Martin Zielinski (Rochester, Minnesota): I would like to congratulate the authors for attempting to limit the hospital duration of stay for patients with adhesive small bowel obstruction.
I would like to follow up on Dr. Demetriades' comment. There are several predictive models in the literature, which answer the question posed by the authors. Our group has published one such predictive model, which combines an easy-to-use model with the Gastrografin challenge. Using this algorithm, we can predict the need for operative exploration within 12 hours of emergency department consultation 89% of the time. I would encourage the authors, if they continue in their current work, to ensure that the Gastrografin challenge is a focus. I would also caution the authors in using such a broad base database. In developing our model, we used very specific patient data points, namely, the duration of obstipation as well as computed tomographic findings of the small bowel feces sign and mesenteric edema. I do not believe that this level of detail will be present in a large database.
Dr. Rachael Callcut (San Francisco, California): I have a quick methodologic question. Frequently, when the NIS is used, we actually control for comorbidities using one of the comorbidity indices. I am curious if there was a specific reason why you guys chose to look at the individual comorbidities in your model rather than summing it into one of the more commonly validated and used comorbidity indices.
Dr. Charles E. Lucas (Detroit, Michigan): Important not to compare apples and oranges. How many people had Stage IV ovarian cancer as opposed to those who had only a simple appendectomy in the past?
Dr. Frederick H. Millham (Newton, Massachusetts): Thank you, Dr. Ivatury and questioners. Dr. Ivatury, with regard to how valuable a four-or five-day cutoff is; I agree that these data are not strong enough to demand that patients be operated on by Day 5.
These are cases that give surgeons gray hair. That is a surgical judgment that we all make at the bedside. Our intention with this work was to try to inform the experienced surgeon as to what the risk might be of additional delay as I think we have all seen patients who have had 7 days or longer preoperative stay then have an even longer postoperative stay. We have shown that the longer you wait to operate, the longer the postoperative stay will be.
As for additional investigations, once computed tomography contrast is on board, most patients require only plain abdominal radiographs to follow their progress. On the fifth day, if a KUB suggests continued obstruction and the patient is unchanged, the thoughtful surgeon should use the data presented here to their clinical impression.
It is possible that there are a large number of bowel resections performed on patients presenting with strangulation, operated on the day of admission. We did not try to account for that. Although we accounted for a number of comorbidities, it may still be that poorer-risk patients experienced longer delay, contributing to the risk of death. This should have been accounted for with the regression model but may not have been totally so.
With regard to Dr. Demetriades' question, there are no data in this data set about who got Gastrografin and who did not. I agree, Gastrografin is a useful therapy for small bowel obstruction.
There are a lot of data both in the American and Japanese literature to support the use of Gastrografin and sometimes the therapeutic application of computed tomographic scanning on Day 1 on these patients. We did not have these data to look at.
Dr. Malhotra, with regard to how many more patients would be operated on, we did not perform that calculation. The two frequency histograms would suggest that early operation trades off a number of patients who are likely to go home and late operation may trade off a number of patients who are going to die.
I do not believe that this work is powerful enough to definitively answer the question of the optimal day to operate ondeveloping paper than a hypothesis-proving paper. Perhaps, we should tone down our conclusion.
You are correct, the NIS does not tell us about previous hospitalizations. This would be great information to have.
Dr. Zielinski, thank you for your suggestions. Use of Gastrografin should be an important component of any prospective work on adhesive small bowel obstruction.
Dr. Callcut, why not use a comorbidity index such as the Charlson index? One could certainly do that. We chose to adjust individually using the numerous comorbidity indicators that are available in the NIS. Perhaps as a subsidiary work, we could compare comorbidity indices to the more aggressive modeling that we undertook.
Dr. Lucas, we screened the data for indicators of malignancy among the diagnosis fields available in the data set. We eliminated cases with DRG International Classification of DiseasesV9th Rev. codes for GI or GYN malignancy as secondary admitting diagnoses. There may have been some nonadhesive cases that slipped through, but to the extent the data set permitted, we limited our analysis to adhesive small bowel obstruction.
I thank the Association for the privilege of presenting this work in this beautiful setting.
